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Executive Summary
Oakland Bay Bridge Pile Connection Plate Welding Investigation

A team of Mayes Testing Engineers (MTE) inspectors arrived at Oakland Bay Bridge project site offices
on April 19, 2005 to perform an independent evaluation of pile connection plate welds in the Pier
Footing Structure E4W. The welding in this structure was recently stopped in order to investigate
allegations of substandard welds in the pile head connection plates. We understand that there were
allegations of welding over gross defects such as cracks and excessive porosity and welding outside of
approved parameters. A Scope Of Work dated April 13, 2005 (see Appendix A) was developed by
FHWA prior to our arrival. MTE personnel and its sub consultants provided all of the services
described, except that cutting for removal of weld test samples was by KFM welders under direct
supervision by MTE and FHWA. MTE provided all Scope Of Work items listed, except for Items 5 and
6, which will be provided by consultant Roy Teal under separate contract with FHWA. Roy Teal also
prepared the “Weld Sample Removal Procedure” dated April 21, 2005 (see Appendix B), which
included videotaping and photography procedures used to document sampling and testing activities.

The MTE evaluation team was lead by Michael J. Mayes, P.E. who is a Welding Engineer and NDE
Level Il with over 25 years of experience with welded structures. MTE inspectors Mark Vassallo and
Mike Virgilio performed visual and magnetic particle inspection on welds selected by the FHWA.
Vassallo and Virgilio are both AWS Certified Welding Inspectors and NDE Level II's. Laboratory testing
was conducted by Jay Dwight, who is a Welding Engineer with over 35 years of experience with weld
testing. Resumes for these individuals are included in the Appendix of this report.

We have included the following in this report:

Review of Welding Procedures

Review of QA/QC Inspection Procedures

Visual Weld Inspection and Magnetic Particle Examination Procedures and Results
Specimen Testing and Tracking Procedure

Macroetch Test Results

Attachments

Appendixes

On April 19, 2005, the MTE team attended confined space training, in order to enter the footing pier
spaces, and then toured Pier Footing Structure E4W (See Figure 1). Visual inspection and magnetic
particle examination was conducted on April 22, 21 and 22, 2005. Weld samples 2B, 3G and 5D were
removed from the structure on April 22. Crated samples were driven by Virgilio and Vassallo to the
testing laboratory in Washington arriving on April 23. Saw cutting began on April 24 and macroetch
samples were completed April 26, 2005. All field testing and weld sample removal was videotaped. All
field testing, weld sample removal and lab testing was observed by representatives of FHWA, Caltrans
and the Contractor, KFM. Video and digital photography was used to document all activities and chain
of sample custody.
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Figure 1: Pier footing
Summary of Results

The field and laboratory work performed by the Mayes Testing Engineers evaluation team shows
excellent workmanship in the pile connection plate welds in pier footing structure E4AW. There was no
evidence of gross flaws. In fact, there was no evidence of any unacceptable flaws in any of the
samples tested. The weld cross-section significantly exceeds the minimum design requirements. The
weld average cross-section depth (weld effective throat) is 25 percent greater than design requirements
and the weld cross-section also shows a very regular pattern of weld bead deposition indicating a
consistent and controlled welding process.

Respectfully Submitted,
MAYES TESTING ENGINEERS, INC.

Michael J. Mayes, P.E.
Welding Engineer/NDE Level Il
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Review of Welding Procedures

In order to better understand the welding process and project inspection requirements the following
documents were requested from Caltrans:

Project Plans and Specifications for pier footing welded structures

Welding Procedure Specifications and Welding Procedure Qualification Records
Sample Welder Qualification Records

Shrinkage and Distortion Plan for Pile Head Connection Plates

The pile head connection plate weld connects the pile to the footing box structure (See Figure 2).
There are eight connection plates per pile and each plate is connected with four welds (See Figures 3
and 4). The welds are detailed on the design drawings as partial penetration type welds with a
reinforcing fillet weld.

The piles are numbered 1 through 6 beginning with the northeast pile identified as Pile No. 1 with
sequential numbering in a clockwise direction. Within each pile, pile connection plates are lettered “A”
through “H” with the northeast plate identified as Plate “A” with sequential lettering in a clockwise
direction (See Figures 2 and 3 for identification). Using this convention each pile connection plate has
a unique identification (eg 1A, 1B, etc).

The weld symbol on the design drawings requires minimum 31 mm groove depths to be cut in the pile
wall and pile sleeve with a total effective throat requirement for the weld to be 40 mm. The effective
throat dimension is the thinnest thickness dimension of the final welds (See Figure 5). The contractors
procedures show that a 35 mm groove depth was actually used to assure that the effective minimum
throat was obtained and to remove the ultrasonic verification requirement of root depth.

The Shrinkage and Distortion Plan also allow shims to be placed below the bevel in root gaps that are
measured to exceed 3 mm. If root gaps exceed AWS DL1.5 tolerances, than “weld buttering “ can be
used to close gap to acceptable tolerances. Figure 5 shows illustration of shimming and weld buttering.

The project specifications require that welding meet AWS D1.5-96 Bridge Welding Code requirements.
The welding procedures used for this joint were qualified by testing. The welding process used for the
pile connection plate welds was a gas-shielded flux cored or welding (FCAW) process. Shielded metal
arc welding (SMAW) process was used for “weld buttering” and root pass welding. Welding procedure
gualification tests show tensile strengths and toughness results well in excess of AWS D1.5
requirements. Welders were also qualified to AWS D1.5 with witnessing of qualifications by Caltrans
representatives.

The welds were placed in the vertical position using automated welding equipment guided by a track
attached adjacent to the weld groove (See Figure 6). Once the welding equipment is set up and
aligned, it could be expected that welding parameters would be very consistent compared with
conventional hand operated welding equipment. Preheat and interpass temperature is continuously
maintained with the use of electrical strip heaters mounted adjacent to the weld.
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Figure 2: Pier footing structure plan view and elevation view for skyway structure pile head.
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Figure 6: Automated FCAW equipment and electric heat strips at partially welded pile connection plate
weld.
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Review of QA/QC Inspection Procedures

The scope of our evaluation was to evaluate welds selected by FHWA. We did not review quality
control or quality assurance records. We understand that magnetic particle examination and visual
examination was performed on these joints as required by the project specifications and the
contractor’s quality control procedures. These procedures required visual examination of weld fit-up
prior to welding including any shimming or buttering. Each root pass was to be subjected to magnetic
particle examination. The in process welding was to be inspected by quality control inspectors with
each welder to be inspected at least twice per hour. Magnetic particle and visual examination was
performed on final weld surfaces. These inspection procedures exceed the minimum AWS D1.5 Bridge
Code Requirements which require only a minimum of 10% magnetic particle examination on the
surfaces of main member partial penetration and fillet welds.

The project specifications require that the quality of the pile head connection plates weld be in
accordance with AWS D1.5 criteria for “Tension Welds”. This criteria allows no cracks and defines
acceptable weld profiles, weld undercut limits, porosity limits and maximum limits for “fusion type
discontinuities. For these welds the D1.5 criteria would allow a maximum 13 mm long “fusion type
discontinuity” (such as a slag inclusion) every 115 mm along the length of the weld without repair. One
porosity hole in the weld surface is allowed every 100 mm or six porosity holes in 1200 mm of weld
length before repair is required, as long as the individual pore hole diameter does not exceed 2.4 mm.

We understand that each 1700 mm long weld pass took 15 to 20 minutes to complete welding and
cleaning. Setting up the welding equipment for the next pass took another 15 to 20 minutes.
Depending on the joint gap and variance in actual welding variables (a range of amperage, volts and
travel speed is allowed by the procedure) there were reported to be 17 to 23 passes per completed
weld. Another variable that would affect the final number of passes would be any grinding performed
on intermediate passes to remove slag or to smooth surface profile prior to welding next weld pass.

MAYES TESTING ENGINEERS, INC.



E4AW Pile Connection Plate Welds

We understand that all welding work was abruptly halted on pier footing structure E4W during the week
of April 11, 2005. At the time of our evaluation, many of the weld joints were completely filled, several
were only partially welded and a few were only fit-up. Many of the completed welds still had weld tabs
in place. Other weld terminations had weld tabs removed but grinding to remove torch cuts had not
been done. Several weld surfaces had been marked for in process repairs such as excessive weld
reinforcement, undercut and under fill.

Welding equipment and strip heaters were still placed on the weld joints. All of the welds had evidence
of inspection; with inspection notes, inspector initials and dates marked on the steel plates adjacent to
the welds (See Figure 7). Lighting in the welding spaces and access to all weld surfaces was very
adequate.

It was clear that final Quality Control and Quality Assurance inspection had not been completed on any
of the pile connection plate welds.

" J'F'h ] .I'& ™
Figure 7: Quality control marks adjacent to pile connection plate weld 5D.
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Magnetic Particle and Visual Examination Procedures

On April 20 to 22, 2005 visual and magnetic particle testing was performed on the Oakland Bay Bridge
at Pile Footing E4W. Inspection was performed on partial penetration welds of pile connection plates
that connect the pile to the pile footing sleeve. Mayes Testing Engineers (MTE) was instructed by
FHWA to perform visual and magnetic particle testing of the welds in the existing (as is) condition to
evaluate the weld quality and to identify any gross defects associated with allegations.

The method of inspection was Magnetic Particle Examination and Visual Inspection to identify any weld
flaws. The magnetic particle testing procedure was AC yoke method; the DC yoke method was used to
further explore any questionable indications. MTE Magnetic Particle Procedure No. MTE-AWS was
followed (See Appendix). The welds are at various stages of completion and none of the welds had
been final inspected by Caltrans QA or Contractor QC inspectors. MTE was directed by FHWA to
perform inspection on the sleeve side of pile 2, 3, and 5 to provide a 25% inspection of the total pile
head connection plate welds in Pile Footing E4W.

The magnetic particle testing (MT) revealed no rejectable flaws on the weld surfaces. We found two
minor MT indications on the weld surfaces that were removed by light grinding [all grinding to resolve
MT indications was performed by Mayes Testing Engineers inspectors (See Figures 14 and 15)].
There are several discontinuities resulting from work that is not yet complete. Since the work was
abruptly stopped, the weld joints are in various states of completion, ranging from fit-up to completed
welds. There are several areas on the weld surfaces that were previously marked (by KFM QC?) for
grinding and or further welding to meet AWS D1.5 weld profile requirements. It was clear to us that,
although in process inspection was evident, most of the welds had not had final inspection. Most of the
discontinuities that were found were related to top and bottom weld termination at the access holes.
The contractor uses and removes weld tabs at the weld terminations. Weld tabs are commonly used
on welds such as these to insure that starts and stops at the end of the joint are removed. After weld
tab removal there is quite a bit of grinding required to remove torch cuts and tab welds from base metal
and pile weld surfaces. There are several cycles of grinding and MT, and sometimes even weld repair
at these weld ends to remove notches, incomplete fusion and occasional small cracks (See Figures 8,
9, 10, 11 and 12). These procedures are typical for these types of weld joints.

The welds at removal site 2B had tab removal and surfaces of weld termination previously completed
before our inspection. The welds at removal sites 3G and 5D had previously had welds tabs removed
but weld ends and adjacent base metal were still in a rough flame cut condition. It was decided to allow
KFM welders complete grinding of these surfaces under supervision of FHWA and MTE
representatives so that weld specimens would be representative of completed welds and so that weld
terminations could be examined with MT before removal. After contractor grinding was complete,
Mayes Testing Engineers inspectors performed MT examination of the entire weld including weld
terminations at 2B, 3G and 5D. Further grinding of weld terminations at the tops of 3G and 5D was
performed by Mayes Testing Engineers to remove MT indications (See Figures 11 and 12). All MT
indications were removed by grinding to depths that did not exceed limits allowed by project
specifications. All MT and grinding at the three removal locations was performed with

continuous observation by KFM QC representatives and Caltrans QA representatives along with
complete video documentation (See Figure 13). All parties agreed that the resulting weld termination
surfaces of samples to be removed were typical of production welds.
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Figure 8: Weld tabs in place at top of pile connection plate weld.
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Figure 9: Bottom of pile connection plate weld, after weld tab removal, before grinding.
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Figure 11: Tab removal site at location 3G after exploratory grinding. Magnetic particle indications no
longer appear.
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Figure 12: Top of pile connection plate weld at location 5D after grinding magnetic particle indications
at tab removal sites.

Figure 13: Video and photo documentation during magnetic particle examination.
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Figure 14: Magnetic particle indication at pile connection plate weld location 2C (Weld 2), between
weld beads. Indication removed by light grinding, no flaw detected.

Figure 15: Magnetic particle indication at pile connection plate weld 3F in connection plate. Indication
removed by light grinding, no flaw detected.
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Figure 16: MTE inspector Mark Vasallo performing magnetic particle examination on pile head
connection weld 2-B in Pier Footing Structure E4W.
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Summary of Magnetic Particle and Visual Examination Results

The examination of 24 pile connection plate welds in pier footing structure E4W found no rejectable
flaws, except for several items marked for in-process repair such as undercut, under fill, and grinding to
improve surface profiles. There are several welds with Magnetic Particle indications at tab removal
sites but these are located on areas that were not complete.

Magnetic Particle and Visual Examination Results

The results of the magnetic particle and visual performed on the welds in pile 2, 3, and 5 are as follows.
Where indications were found they are detailed in the sketches below.

2A

2B

2C

2D

2E

2F

2G

2H

3A

3B

3C

3D

3E

3F

Weld run off tabs have been removed, and ground. No relevant magnetic particle indications
were noted.

Weld run off tabs have been removed, and ground. No relevant magnetic particle indications
were noted.

Weld run off tabs have been removed, but not ground. One 37 mm indication was removed by
grinding from Weld 2. No further relevant magnetic particle indications were noted.

Weld run off tabs have been removed, and ground. No relevant magnetic particle indications
were noted.

Weld run off tabs have been removed, but have not been ground. No relevant magnetic particle
indications were noted.

Weld run off tabs have been removed, and ground. No relevant magnetic particle indications
were noted.

Weld run off tabs have not been removed or ground. No relevant magnetic particle indications
were noted.

Weld run off tabs have been removed, and ground. No relevant magnetic particle indications
were noted.

Weld run off tabs have not been removed, but were ground. One 8 mm linear indication was
found in the run off tab area by magnetic particle testing.

Weld run off tabs have been removed, and ground. No relevant magnetic particle indications
have been noted.

Weld run off tabs have been removed but not ground. Linear indications were detected in the
top radius at the weld termination and at 610 mm from bottom in Weld No. 2

This weld is partially complete; the throat is approximately %2 of the weld preparation depth.
Magnetic particle testing was performed on the first 150 mm of weld length at the bottom of the
weld. No relevant indications were found.

Weld run off tabs have been removed, and ground. Weld No. 2 has an underfilled condition in
a weld stop. Linear indications 50 mm long were detected in the weld run off tab area by
magnetic particle testing.

Weld run off tabs have been removed, and ground. Linear indications 50 mm long were
detected in the weld run off tab area by magnetic particle testing. Linear indications6é mm long
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3G

3H

5A

5B

5C

5D

SE

SF

5G

SH

were detected in the connection plate 500 mm from the bottom on Weld No.1 side. These
indications were removed by grinding.

Weld run off tabs have been removed, but not ground. Linear indications 50 mm long were
detected in the weld run off tab area by magnetic particle testing.

Weld run off tabs have been removed, but not ground. Linear indications 50 mm long were
detected in the weld run off tab area by magnetic particle testing.

Weld run off tabs have been removed, but not ground. No relevant magnetic particle indications
were noted.

Weld run off tabs have not been removed, but were ground. No relevant magnetic particle
indications were noted.

Weld run off tabs have not been removed or ground. No relevant magnetic particle indications
were noted.

Weld run off tabs have been removed, and ground. One 8 mm linear indication was removed
by grinding from Weld No. 2 run off tab area. No other relevant magnetic particle indications
have been noted.

Weld run off tabs have not been removed, but were ground. No relevant magnetic particle
indications were noted.

Weld run off tabs have not been removed, but were ground. No relevant magnetic particle
indications were noted.

Weld run off tabs have been removed, and ground. No relevant magnetic particle indications
were noted.

Undercut in Weld No. 1 at the top end 37 mm long, 15 mm length of overlap in Weld No.1, 10

mm of underfill in Weld No. 1. Weld No. 2 has 72 mm of excess weld reinforcement at the top
end. No relevant magnetic particle indications were detected.
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Weld Sketches

The following sketches are of welds where indications were detected as noted above.
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Weld Location 5H Weld Location 5D

) M
Weld 2 Weld 1 Weld 2 Weld 1

Undercut 50 mm.

Excess reinforcement 72mm.

8 mm linear indication
\ Weld Overtap 15 mm. removed by grinding.

\ Underfill 10 mm.
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Weld Sample Removal

Several meetings were held with FHWA and Caltrans to discuss sample size and removal procedures.
It was decided to remove three entire pile connection plate welds. Two locations, 5D and 3G were
chosen, based on weld quality allegations. A third location 2B was randomly chosen. The welds at 5D
while meeting AWS D1.5 minimum surface profile requirements showed the poorest surface profile of
any weld in the E4W footing structure.

All three welds were taken from the pile sleeve side of the connection as there were apparently no
allegations attributed to the pile side of the connection.

The entire weld and adjacent base metal was removed from each location. An automated gas cutting
torch was used. Weld samples were removed from the pile sleeve and were immediately placed into

individual wooden crates. Crates were taken by boat to shore and were loaded into a Mayes Testing

Engineers (MTE) truck to be transported to the testing laboratory. Sample removal was continuously

observed by MTE inspectors and FHWA representatives (See Figures 17, 18 and 19).
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Figure 19: Crated Samples as received at laboratory.
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Sample Testing Procedures

Prior to sample removal an FHWA “Specimen Testing and Tracking Procedure” (See attached) was
developed. It was determined that each 1700 mm long weld would be cut into eleven 152 mm long
specimens. Each specimen was to be machined, polished and etched on one end. Etching will show
weld beads, depth of weld penetration and any weld flaws if present.

The six-inch specimen length would also allow possibility for weld tensile test and toughness testing.
Other nondestructive tests such as ultrasonic and radiography were considered for this evaluation.
Since only visual and magnetic particle examination were required by the contract documents and the
AWS D1.5 Bridge Welding Code, it is not appropriate to subject these welds to ultrasonic and
radiographic standards typically applicable to complete penetration welds. The D1.5 code does not
contain testing procedures on acceptance criteria for utilizing radiography or ultrasonic techniques on
partial penetration welds. The geometry of the pile connection plate welds would require specialized
techniques and nonstandard procedures to apply radiography and ultrasound to these welds. It was
determined that the best way to “look inside” these welds was to cut them out and cross-section them.

After receiving the sample in the lab, the saw cut lines were marked on the weld lengths. A sample
identification was placed on each six-inch piece. The weld terminations at the top and bottom were cut
off to provide square ends for machining. There were a few extra thin slices that had to be removed
due to saw cutting problems, broken blades or uneven surfaces (See Figure 20). All sample pieces
have been retained. Figures 21, 22 and 23 show entire weld lengths of each sample after saw cutting.
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U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
CALIFORNIA DIVISION
650 Capitol Mall, Suite 4-100
Sacramento, CA. 95814

Specimen Testing & Tracking Procedure

Oakland Bay Bridge Test Pier E 4 W Pile Head Weld Quality Verification, April 22, 2005.
This document will become part of the permanent record in both .doc & .pdf format.
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Marking 1 Last Cut & 5 THE LAB SHALL PRECISION SAW
& ol G MACRO COUPON BLANKS AT THE CUT
Cutting | **" B ||| NES SHOWN.
Overview | *=" | [ = BAEAEN
:: ’ e Y
jOME M2 o M3 b M5 M6 | MT O ME O MB ) NID; M1
| i r—y o v —— —r—
d | | | | | | ] f:::un -:!ﬂ
Lo S A S SR S S
PSSR COUPOME WILL BE CUT HTO 07 LERSTHE. MECROS TSEEN OH Boitem ™ End,
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LEGEND

EACH MACRO WILL SHOW THE:

STEP
4 E‘T;W;'d :_ Hon & 2B or 5D or 3G = Joint & WELD LOCATIONS, #1 & #2
= Fier Location ar or = Joln PI ER |D E 4W
_ M 1 through M33 = Macro # ( )
Detail Wz =Weld 2
Marking JOINT ID =2B, 5D, 3G
LEGEND
ases MACRO = M #ASSHOWN & AT
rindiegiusia THE“BOTTOM” END OF THE
—— etching & MACRO FACE.
: photos from
— = "BOTTOM " EMD.| | MARK EACH MACRO BLANK
CORRESPONDING TO THE LEGEND IN
STEP 4.
Filz: Datail Magra Marking Ries 3 osf
COUPON MACRD REMTVED BY SMAMNG £ WET GRIMOMG L5 SHOWN THE LAB SHALL PREPARE EACH
STEp | 0 _ MACRO END USING WET GRINDING.
MACRD IO 15 EHO SURFACE
5 IMFORMATION || “I]EED..I:I:;NLLﬂT
—— HAND WET LAPAFTER WET GRINDING.
Machine 7
USEA3TO5%NITAL ETCH ON THE
Wet Grind F‘_i: WET LAPPED MACRO FACE.
Wet o LoTTOMEND SAED) PRESERVE THE WELD DEPOSIT & BASE
L | yia, THENWET GRINIING, | METAL METALLURGY. THISSHALL
zp | avum'a;\nrrml.::_réﬁ INCLUDE A CLEAR GLOSS
Etch TR PR g WA WA P A POLYURETHANE COATING ON THE
MACROETCHED SURFACE.
USE CARE SO ASTO NOT DISTURB THE
MACRO COUPON NUMBERS.
MAC BT EXAMMED BY S0SNG, WET GRIN DIRG WET LAP £ ETCH A5 SHOWH THE LAB SHAL L TAKE A DI GITAL
) PHOTO OF EACH MACRO FACE
STEP W] SHOWING THE SPECIMEN NUMBER.
6 {for bt ez 02 2 9 1|
o THE MACRO SHALL SHOW THE WELD
A DEPOSIT, HAZ AND ADJACENT BASE
Macro PE'EFFECZEJEI:&"ELC'-?HH'::;:I METAL.
Photo || uieereebetnicorrol” S\ HERENN | /
Features | | ASE WELD 5 THE MACRO #M1 through M33 SHALL BE
Py Hanium Thcat Shal B 45 min | [ CLEARLY VISIBLE ON THE DIGITAL
Effecive | 00— PHOTO.
Throat Fil: File Cap WWekd Fnal Etched Coupon - MACRO Ray 2 chl

THE EFFECTIVE THROATSWILL BE
MEASURED USING A VERNIER CALIPER
FROM UNAFFECTED WELD ROOT TO
COVER BEADS NOT COUNTING EXCESS
WELD REINFORCEMENT.

Record of Actual Macro Preparation on 2B, 5D & 3G.
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STEP

SAW, MACHINE

7 - 2B RECEIVED IN & SURFACE
. S — SHIPPING GRIND MACRO
Receive < R BN 1 CONTAINER. BLANKS.
Locate
Cut BLANKS
Lines 3G WITH 6" MACRO READY
MARKSAND FOR ETCHING.
Steel LEGEND AREA.
Stamp
Saw
Machine
Wet 5D STEEL FINAL ETCH on
Grind STAMPED AND Bottom End of
READY FOR SAW. Each Macro.
Final Etch
RECORD ALL DATA ON THE
. THISISA TYPICAL COMPLETED
Test See Laboratory Test Summar_y Recordsin Excdl SPECIMEN SHOWING MACRO NUMBER
Summary Format for Each Weld Location, 2B, 5D & 3G. M13 FOR W2 & W1.
Record
The Excel File Names Are:
Summary of Macro Test Results for EAW-2B M1 Through M11.xls
Summary of Macro Test Results for EAW-5D M 12 ThroughM22.xIs
Summary of Macro Test Results for EAW-3G M23 Through M33.xls
STEP IMPOUND THE SPECIMENS FOR
9 DISPOSITION BY FHWA.
PACKAGE THE FINISH MACRO COUPONS
Packing IN 3 STORAGE BOXES.
& PROTECT THE MACRO SURFACES
Storage FROM SHIPPING DAMAGE USING 3
& SEALED SHIPPING CONTAINERS.
Shipping STORE THE SEALED CONTAINERS IN A

SECURE, DRY ENVIRONMENT.

THE 3 SEALED CONTAINERS SHALL BE
SHIPPED TO:

Federal Highway Administration

Turner — Fairbanks Highway Research Center
6300 Goergetown Pike

McLean, VA 22101

Attention:
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Figure 20: Short slice taken from Weld Sample 5D to correct uneven saw cut.
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Figure 21: End and side views of weld sample 2B after saw cutting.
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Figure 22: End and side views of weld sample 3G after saw cutting.
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Figure 23: End and side views of weld sample 5D after saw cutting.
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Summary of Macro Etch Testing Results

No rejectable weld flaws were found in any of the macro etch test samples. Samples M16, M20 and
M28 show very small slag inclusions that would be well within acceptance of requirements per the AWS
D1.5 Bridge Welding Code. Samples M23 and M30 show single pores of porosity that are acceptable
per AWS D1.5 criteria.

Sample 2B had a slag inclusion which starts at the bottom termination of the weld (See Figure 24).
This saw cut face was not intended to be macro etched. We saw cut another section 13 mm from the
first cut. There was no evidence of the slag inclusion at the second saw cut. It is probable that this
slag inclusion would have been removed when final inspection of weld tab removal site was performed.
In any case the second saw cut verifies that the slag inclusion length was well within the AWS D1.5
acceptable limits.

A crack was found in the root pass of Sample M15 (See Figure 25). This crack starts at the bottom of
the root pass and continues to the center of the root pass. It is clear that this crack resulted from the
flame cut sample removal process. If the crack happened during production welding it is most likely
that the crack would start on the surface of the root pass and travel downward, due to weld shrinkage
stresses. If this crack did happen during production welding, it would have never been detected by
inspection since it did not extend to root pass surface. Note that the base metal at this location has
been cut away by flame-cutting and that the heat affected zone (the lighter area) extended into the weld
root. These conditions would have almost certainly caused this crack during flame cutting for sample
removal.

The cross-sections show consistent weld bead deposition with total weld passes ranging from 16 to 24
depending on weld groove dimensions. Several of the weld passes are thinner profile which indicates
grinding between passes by diligent welders (or mandates by diligent inspectors) to remove slag or to

improve weld profiles before depositing next pass.

Many of the cross-sections show “weld buttering” and use of shims as described by the “Shrinkage and
Distortion Plan.”

The average depth of weld penetration (weld effective throat) is 51.5 mm. This average exceeds the 40
mm design requirement by over 25 percent.

The overall weld quality is excellent and greatly surpasses typical field welding quality that we have
seen on similar structures.
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Figure 24: The bottom of the pile connection plate weld 2B. Slag inclusion found 3 mm from weld end.
Another saw cut taken 13 mm from end showed no slag.

Figure 25: Sample M15 from Weld 2 in sample 5D. Note crack in root pass extending from bottom of

root to middle of root. Dashed line shows boundary of heat affected zone from gas cutting during
sample removal.
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Effective No. of Weld Effective  No. of Weld E4W-2B MACRO DATA
Macro No. W1 Throat Beads W1 || W2 Throat Beads W1 Comment & Findings
No indications. i
M1 52 18 51 19
No indications. i
M2 53 18 52 21
No indications. Edu2B |
M3 54 18 52 20 ;
No indications. Macro is on "A" end. ‘i
M4 52 21 53 18
No indications. i .
M5 52 17 50 20 L
No indications. E‘“i'
M6 51 17 51 22
No indications. Eii
M7 50 18 52 22
No indications. =
M8 50 18 51 22
No indications.
M9 51 17 50 19 h
No indications.
iT ii
M10 52 17 49 19 \
No indications. E4w \ L]
M11 50 20 50 20
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Effective  No. of Weld Effective  No. of Weld E4W-5D MACRO DATA
Macro No. W1 Throat Beads W1 || W2 Throat Beads W1 Comment & Findings
No indications.
M12 49 20 50 19
No indications.
M13 49 18 51 24
No indications.
M14 49 17 49 22
One non-relevant indication in W1. This is
a secondary crack from the flame - cut
M15 49 17 49 23 removal process.
One slag inclusion in W2. The
approximate size is 2.3 x 0.5 mm.
M16 50 17 50 24 Acceptable per AWS D1.5
No indications.
M17 49 19 53 24
No indications.
M18 50 17 48 19
No indications.
M19 48 18 48 19
One slag inclusion in W2. The
approximate size is 2.4 x 0.2 mm.
M20 48 20 5 18 Acceptable per AWS D1.5
No indications.
Short coupon due to saw blade damage.
M21 48 17 48 18
No indications.
M22 49 16 46 16
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Effective  No. of Weld Effective  No. of Weld E4W- 3G MACRO DATA
Macro No. W1 Throat Beads W1 || W2 Throat Beads W1 Comment & Findings
One porosity hole in W2. The
approximate size is 0.8 x 0.4 mm.
Acceptable per AWS D1.5.
M23 55 19 52 21
No indications.
M24 55 20 52 21
No indications.
M25 54 21 53 19
No indications.
M26 56 20 54 22
No indications.
M27 56 20 54 18
One slag inclusion in W1. The
approximate size is 2.0 x 0.3 mm.
M28 55 23 50 20 Acceptable per AWS D1.5.
No indications.
M29 55 21 53 19
One porosity hole in W1. The approximate
size is 0.4 x 0.3 mm. Acceptable per AWS
M30 55 18 54 19 DL5.
No indications.
M31 55 20 53 20
No indications.
M32 55 18 54 18
No indications.
M33 57 19 52 19 M
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April 13,2005 @ 12:32 pm

“Scope of Work and Services for iIndependent Testing at SFOBB - Skyway”

Services to be provided bv contractor:

1.

oW

6.

7.

American Society of Nondestructive Testing (ASNT) Level lll certificate holder
in Magnetic Particle Testing (MT).

Level Il services in accordance with an approved written practice (by FHWA)
developed in accordance with American Society of Nondestructive Testing
(ASNT) in Magnetic Particle Testing (MT).

American Welding Society (AWS) Certified Welding Inspector (CWI) services.
Video taping and digital imaging of the test locations

Provide personnel and equipment to remove selected weld material and heat
affected zone as determined by the FHWA.

Metallurgical examination using macro (visual) techniques for the selected
weld samples.

Final report of investigation and presentation material.

Said services shall be in accordance with the contract documents and national
standards and codes.

Specifications required:

1. The Consultant must demonstrate capability in AWS D1.5 code
interpretation, and in destructive and nondestructive testing.

2. Must also demonstrate expert knowledge of structural steel bridges.

3. The Consuitant shall be capable of meeting current industry standards
including American Welding Society (AWS), Quality Control (QC-1)

4. American Society of Nondestructive Testing (ASNT) Recommended
Practice - Society for Nondestructive Testing (SNT) - Technical Council
(TC) - First Document (1A).

5. The Consultant shall provide equipment necessary to perform and
interpret Magnetic Particle Testing (MT) and the sampling and testing of
weld material as defined in the scope of work.

Location of work:

The Consultant shall be capable of delivering these services except for
metallurgical lab evaluation (inspection, sampling and testing) on the SFOBB
Skyway project site. Federal Aid Project ACIM-080-1 (085) 8N.



Scope of Work:

1.

Non-destructive Testing:

Magnetic Particle Testing (MT) and Visual Examination of the weld cap
passes (shear plates) at a minimum of 270 feet of weld in pier foundation
E4W.

Destructive Testing:

(a) Remove samples of the parent material (steel plate) in E4W to
preserve 100% of the weld material and heat affected zone required.
The number and length of samples will be determined by the FHWA. It
is anticipated there will be three (3) locations to be sampled:

I. two locations determined by the FHWA
If. one location shall serve as a baseline sample that will be
determined by a random sample in E4W.
lll. The State will provide plans and specifications as needed
IV. Chain of Custody of the samples shall be secured by FHWA

(b) The samples removed shall be macro evaluated to following
acceptance criteria:
I. AWS D1.5 - 96, Section 9.21, Visual Inspection and Magnetic
Particle testing (MT)

A final report outlining the findings, inspection procedures, conclusions,
and a statement to verify that the contractual requirements for the welding
have been met.

The investigation, sampling, testing and inspection shall be complete
within 2 weeks of contract execution and final report and photos, video,
and final presentation no more than 5 days after completion of the field
work.

Independent Review of the QC-QA welding inspection process in Pier 5W
when work is available. (This is anticipated to occur at a later date).

The final report of the independent review of the QC-QA welding
inspection in Pier ESW to include findings, inspection procedures,
conclusions to determine if the QC-QA procedures are adequate. This
report to be completed in three weeks after inspection is completed.
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San Francisco Oakland Bay Bridge'
PILE HEAD at PIER E4AW

WELD SAMPLE REMOVAL PROCEDURE

A) Select partial joint penefration (PJP} welds joining the pile head connection
plate to the pile sleeve shall be. sampled in accordance with the following
procedure:

1) No work shall begin until approved by FHWA or their designated
representative.

a) Removal of all specimens must be permanently marked using location
designations currently used at the jobsite. '

b} Removal of specimens must be documented by video and digital sfill
cameras as determined by FHWA.

(i) Each video segment shall include the date, time, location,
photographer’'s name and personnel present.

(i) The video segment shall include a wide angle overview and close
up of the area of interest.

(i) References such as rulers may be used to show relative scale.

(iv)Still digital photography shall contain similar information in the
picture or recorded in the photo log.

c) Removed samples shall immediately be placed in the custody of the
FHWA representative, and all handling, fransfer for festing, packaging
and shipping shall be thoroughly documented.

(i} All original documentation, including video and digital documents,
must immediately be sent fo the Mr. Krishna Verma, FHWA (HIBT-10).

2) All cuts shall be made by thermal cutting as described in Section 3.2,
Preparation of Base Metal, of the ANSI/AASHTO/AWS D1.5-96, Bridge
Welding Code. Further, all cuts shall be carefully done to avoid damage
to the enftire partial joint penetration weld samples, the adjacent heat
affected zones, and the base metal within 4" of the weld fusion lines.

3) Tabs may be welded to the outer edge only of the pile head connection
plate to provide for removal of the weld sample. No other welding will be
aliowed.

Prepared by Roy Teal, Inc.
April 21, 2005 Page 1 of 2



U.S. DEPARTMENT OF TRANSPORTATION, FEDERAL HIGHWAY ADMINISTRATION
CALIFORNIA DIVISION

B) PJP WELDS ... PILE HEAD CONNECTION PLATE TO PILE SHELL:

1) Thermally cut the existing PJP welds joining the pile head connection
plate to the pile shell.

2) These PJP welds are notf intended to be sampled. Therefore, the cuts may
be located as close as possible to the pile head connection plate to
avoid damage to the pile shell.

3) ltis-infended that the original slot and weld joint preparation be restored

to its design dimensions by procedures approved by the CALTRANS
Engineer.

C) PJP WELDS ... PILE HEAD CONNECTION PLATE TO THE PILE SLEEVE:

1) Thermally cut adjacent to the existing PJP welds joining the pile head
connection plate to the pile sleeve.

2) Extreme care must be used fo avoid damage fo both full length weld
samples, the adjacent heat affected zone (HAZ), and the base metal
within 4" of the weld toes.

a) It is intended that the cuts be diagonal, parallel to the prior weld joint
preparation in the pile sleeve, and that the entire length of both PJP
welds, including the face, root and adjacent HAZ are preserved as a
single, one piece sample.

b) It is expected that the thermal cut will not contfinue into the pile head
connection plate sufficient o remove the sample. See Step D.

D) Slide the pile head connection plate toward the outside of the pile sleeve as
necessary to make a full length cut to remove the sample.
1) The location of the cut shall be at least 1” beyond the foe of the partial
joint penetration weld reinforcement.

Prepared by Roy Teal, Inc.
April 21, 2005 Page 2 of 2
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1.0

2.0

3.0

4.0

5.0

Scope

1.1 This standard provides the procedure to be used as a minimum for dry,
continuous method, magnetic particle examination of welds and/or
adjacent base materials in accordance with AWS D1.1 and AWS D1.5 for
New Building, New Bridges and Tubular Structures.

1.2 This standard shall be used as a procedure by Mayes Testing Engineers,
Inc. (MTE) when performing magnetic particle examination.

References

Structural Welding Code, AWS D1.1, latest Edition.

Structural Bridge Code, AWS D1.5, latest Edition.

Standard Practice for Magnetic Particle Examination, ASTM E709.

Standard Practice for Determining the Qualification of Nondestructive Testing

Agencies, ASTM E543.

American Society for Nondestructive Testing, Recommended Practice, SNT-TC-
1A

'MTE Nondestructive Examination Standard, NDE Personnel Qualification PQ-1.

Precautions for Personnel Safety

3.1 The equipment and/or materials used in this standard shall be utilized in a
fashion to ensure full compliance with national, state and local laws
governing safety.

Personnel

4.1 Personnel performing magnetic particle examinations to this standard
shall be qualified and certified as an NDE Level |, Il or Iil, in the magnetic
particle method, in accordance with the applicable MTE Personnel
Qualification Standard, PQ-1, which has been developed from guidelines
provide by the American Society for Nondestructive Testing
Recommended Practice SNT-TC-1A.

4.2 Al NDE subcontractor personnel performing magnetic particle
examination to this standard shall be qualified and certified as an NDE
Level I, It or Il, in the magnetic particle method, to a personnel
qualification standard developed from guidelines provided by the
American Society for Nondestructive Testing Recommended Practice,
SNT-TC-1A.

4.3 Only MTE personnel certified NDE Level Il or Il shall perform final
evaluations.

Equipment and Materials

MAYES TESTING ENGINEERS, INC.



5.1 Equipment
5.1.1 Magnetizing Units

5.1.1.1 Magnetizing units used for the prod method shall produce
either direct or recertified current and shall have an
ammeter that is visible and readable by the operator while
performing the examination.

51.2 Prods

5.1.3 Yokes: Either electromagnetic or permanent magnet yokes may
be used.

5.1.3.1 Magnetizing units for electromagnetic yokes shall be
' capable of producing alternating current, direct current, or
both.

5.1.4 Magnetic Particle Field Indicator: A magnetic particle field
indicator as described in ASTM E709 may be used to determine
the adequacy of the magnetic field.

52 Equipment Calibration

5.2.1 Frequency of Calibration: Each piece of magnelizing equipment
shall be calibrated at least once a year, or after each time it has
been subjected to major electrical repair, periodic overhaul, or
damage. If equipment has not been used for a year or more,
calibration shall be done prior to use.

5.2.2 Equipment with ammeters

5.2.2.1 Procedure — The accuracy of the unit's meter shall be
verified annually by equipment traceable to a national
standard. Comparative readings shall be taken for at least
three different current output levels encompassing the
usable range.

5.2.2.2 Tolerance — The unit’'s meter reading shall not deviate by
more than +/- 10% of full scale, relative to the actual
current value as shown by the test meter.

5.2.3 Yokes: The magnetizing force of yokes shall be considered
adequate if:

5.2.3.1 Each alternating current electromagnetic yoke has a lifting

power of at least 10lbs. With a pole spacing of 210 4
inches.

MAYES TESTING ENGINEERS, INC.



6.0

7.0

53

5.2.3.2 Each direct current or permanent magnet yoke has a lifting
power of at least 30Ibs. With a pole spacing of 2 to 4
inches and 50Lbs with a pole spacing of 4 to 6 inches.

5.2.3.3 Each weight shall be weighed with a scale from a
reputable manufacturer and stenciled with the applicable
nominal weight prior to first use. A weight need only be
verified again if damaged in a manner that could have
caused potential loss of material.

Materials

5.3.1 The following magnetic particles or their equivalent shall be used:
Magnaflux, No. 8A Red, No. 1 Gray, No. 2 Yellow, No. 3A Black,
Uresco Magne-Tech UM-221 Red, UM-188 Gray, UM-255 Yellow

5.3.2 The color of the particles shall be selected to provide adequate
conirast with the item being examined.

Surface Preparation

6.1 The surface to be examined may be in the as-welded, as-rolled, as-cast,
or as-forged condition. However, if there are surface irregularities that
could mask indications of unacceptable discontinuities, surface
preparation by grinding, machining or other methods may be necessary.

Technique

71 Pre-cleaning

7.1.1 Prior to magnetic particle examination, the surface to be examined
and all adjacent areas within at least 1 inch shall be cleaned to
remove any dirt, grease, lint, scale, welding flux, weld spatter, oil,
or other substance that could interfere with the examination.

7.1.2 Typical pre-cleaning agents that may be used are detergents,
organic solvents, descaling solutions, paint removers, vapor
degreasing, sand or grit blasting, and ultrasonic cleaning.

7.1.3 The surface to be examined shall be thoroughly dried before
beginning the examination. Drying of the surface may be
accomplished by normal evaporation or by using forced air.

7.2 Temperature

7.2.2 Magnetic particle examination shall not be done on the surface of
parts whose temperature exceeds 600°F (315°C).

7.2.3 Magnaflux Corp., 8A red magnetic particle powder shall not be
used on articles whose surface temperature exceeds 325°F.
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7.3 Sequence of Operation

7.3.2 Magnetic particle examination shall be done by the continuous
method; that is, the current shall be turned on, the magnetic
particle powder shall be lightly dusted over the area being
examined, the excess magnetic particle powder shall be removed
using a gentle air stream, then the current is turned off.

7.3.3 The area under the examination must be observed during the
application of the magnetic particle powder to detect the formation
of indications.

Caution: The air stream used to remove excess magnetic particle
powder must be controlled so that it does not disturb or remove
lightly held powder patterns.

7.4 Methods
7.4.2 Prod Method

7.4.2.1 Prod spacing shall be a minimum of 3 inches and a
maximum of 8 inches.

7.4.2.2 The magnetizing current shall be 100-125 amps per inch of
prod spacing for sections % inch thick or greater. For
sections less than % inch thick, amperage shall be 90-110
amps per inch of prod spacing.

7.4.2.3 The current shall be turned on after the prods have been
properly positioned and turned off before they are removed
from the component.

7.4.2.4 Copper tipped prods shall not be used when the open
circuit voltage exceeds 25 volts.

7.4.3 Yoke Method
7.4.3.1 AC, DC or permanent magnet yokes shall be used.
7.5 Examination Coverage

7.5.2 Atleast two separate examinations shall be carried out on each
area so the lines of flux in one examination are approximately
perpendicular fo the lines of flux in the other. A different means of
magnetizing may be used for the second examination provided
the resuiting lines of flux are approximately perpendicular fo those
of the first method.

7.5.3 Examinations shall be conducted with sufficient cverlap o assure
100% coverage at the established test sensitivity. For example:

MAYES TESTING ENGINEERS, INC.



7.5.3.1 When positioning prods or a yoke longitudinally along a
weld, a minimum overlap of 1 inch shall be maintained
between subsequent positions.

7.5.3.2 When positioning prods or a yoke transversely along the
weld the spacing between subsequent positions shall be a
maximum of ¥z or prod or pole spacing or 3 inches,
whichever is smaller.

7.6 Demagnetization

7.6.1  When required, the weld or component shall be demagnetized
after completion of the examination in accordance with ASTM
E709 and verified with a magnetic field strength meter.

7.7 Post Examination Cleaning

7.7.1 All surfaces shall be cleaned of magnetic particles after
examination.

7.8 Interpretation of Results

7.8.1 Adequate illumination shall be provided to assure proper
evaluation. The intensity of the visible light at the surface of the
work piece under examination should be a minimum of 100 fool
candles (1000 Lux).

7.8.2 Discontinuities will be revealed by the retention of the
ferromagnetic particles at or near discontinuities. All indications
revealed by magnetic particle examination are not necessarily
defects. Nonrelevant indications can be caused by excessive
surface roughness, magnetic permeability variation, or contour
changes which are not relevant to the detection of unacceptable
discontinuities.

7.8.3 Any indications in excess of the acceptance standards, which are
believed to be nonrelevant, shall be regarded as a defect and
shall be re-examined to verify whether or not actual defects are
present. Surface conditioning may precede the re-examination.
Nonrelevant indications that would mask indication of defects are
unacceptable.

7.8.4 Relevant indications are those that result from unacceptable
mechanical discontinuities. Linear indications are those
indications in which the length is more than three times the width.
Rounded indications are indications that are circular or elliptical
with the length less than three times the width.

7.8.5 Unacceptable defects shall be removed or reduced to an
acceptable limit.

8.0 Records
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9.0

10.0

8.1 The examination should be documented using the MTE Nondestructive
Examination Report form.

8.2  As a minimum, the following must be recorded:

« MTE Project Number

e Welds or areas examined

Weld joint or part identification

Equipment (prod or yoke)

Material (manufacturer and color)

Examination procedure (standard) identification, revision number,
and type of examination.

* Date of examination

« NDE Inspector's name and certification level

« Examination results

8.3  All records of magnetic particle examination shall be submitted to the
appropriate MTE Level lll or designee. These records shall be
maintained in the MTE permanent job files.

8.4 A copy of the certification records for NDE Level | and Level Il personnel,
and copies of certification records for the NDE Level lil examiner who
certified the NDE Level | and NDE Level Il personnel shall be maintained
on file. :

Nondestructive Examination Subcontractors

9.1 If NDE subcontractor procedures are used, they shall be submitted for
review to a MTE Level lll inspector before performing any examinations.
These procedures shall be available at all times to the responsible
individual at the jobsite while any examination is in progress.

9.2  The subcontractor’'s procedure shall be equivalent in al essential
respects to this standard and shall be qualified to meet the referencing
code section.

9.3 A MTE NDE Level Il or Level lll individual shall be responsible for the
acceptance of all examination results and reports prepared and submitted
by the NDE subcontractor’s personnel.

Standards of Acceptance

10.1  Welds made to the requirements of AWS D1.1 have different acceptance
criteria depending if the section is statically, cyclically loaded or a tubular
connection. Welds made to the requirements of AWS D1.5 have different
acceptance depending if the weld is subject to tensile or compressive
stress. Stress condition shall indicated by the Engineer on the design
drawings.
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10.2  The size of the discontinuity and not the size of the indication shall be
measured for acceptance. Where the size of the discontinuity cannot be
determined visually, the size of the indication is measured.

10.3 For welds made to the requirements of AWS D1.1, statically loaded
nontubular connections, the following are unacceptable:

10.3.1 Cracks

10.3.2 Individual discontinuities, having a greatest dimension of 3/32 inch
or greater, if:

10.3.2.1 The greatest dimension of a discontinuity is larger than
213 of the effective throat, 2/3 the weld size, or % inch.

10.3.2.2 The discontinuity is closer than three times its greatest
dimension to the end of a groove weld subject to primary
tensile stresses.

10.3.3 A group of discontinuities is in line such that:

10.3.3.1 The sum of the greatest dimensions of all such
discontinuities is larger that the effective throat or weld
size in any length of six times the effective throat of weld
size. When the length of the weld being examined is
less than six times the effective throat or weld size, the
permissible sum of the greatest dimensions shall be
proportionally less than the effective throat of weld size.

10.3.3.2 The space between two such discontinuities that are
adjacent is less than three times the greatest dimension
of the larger of the discontinuities in the pair being
considered.

10.3.4 Independent of the requirements of 10.2.2 and 10.2.3,
discontinuities having a greatest dimension of less than 3/32 inch,
if the sum of their greatest dimensions exceeds 3/8 inch in any
linear inch of weld.

104 For welds made to the requirements of AWS D1.1, cyclically loaded
nontubular connections or AWS D1.5, the following are unacceptable:

10.4.1 Cracks

10.4.2 For weld subject to tensile stress under any condition of loading,
the greatest dimension of any porosity of fusion type discontinuity
that is 1/16 inch or larger in greatest dimension shall not exceed
the size, B indicated in Figure 1, for the effective throat or weld
size involved. The distance from any porosity or fusion type
discontinuity described above to another such discontinuity, to an
edge, or to the toe or root of any intersecting flange-to-web weld
shall be not less than the minimum clearance allowed, C,
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indicated in Figure 2 for the size of discontinuity under
examination.

10.4.3 For welds subject to compressive stress only and specifically
indicated as such on the design drawings, the greatest dimension
of porosity or a fusion type discontinuity that is 1/8 inch or larger in
greatest dimension shall not exceed the size, B, nor shall the
space between adjacent discontinuities be less than the minimum
clearance allowed, C, indicated by Figure 2 for the size of
discontinuity under examination.

10.4.4 Independent of the requirements of 10.3.2 and 10.3.3,
discontinuities having a greatest dimension of less then 1/16 inch
shall be unacceptable if the sum of their greatest dimensions
exceeds 3/8 inch in any linear inch of weld.

10.4.5 The limitations given by Figures 1 and 2 for 1-1/2 inch effective
throat shall apply to all effective throats greater than 1-1/2 inch
thickness.

Note: Figure 3 illustrates the application of these requirements.

10.5 For welds made to the requirements of AWS D1.1, tubular connections,
the following are unacceptable:

10.5.1 Cracks
10.5.2 Incomplete fusion

10.5.3 Piping porosity for complete penetration groove welds in butt joints
transverse to the direction of computed tensile stress;

10.5.4 The sum of diameters of piping porosity shall not exceed 3/8 inch
in any linear inch of weld and % inch in any 12 inches of weld.
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Figure 1
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Senerfathote: Adjacent discoq!inu’vﬁgs. spaced less than the minimum spacing requited, shall be measured as one length equal to the
um of the tolal length of the discontinuities plus the length of the space between them and evaluated as a single discontinuty.
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Note:
1. The maximum size of a discontinuity located within this distance frorm an edge of plate shall be 3mm{1/8 in], but a 3 mm [1/8 in ] dis-

continuity must be 6 mm [1/4 in.] or more away from the edge. The sum of discontinuities less than 3 mm [1/8 in.] in size and focated
within thi s disiance from the edge shall not exceed 5 mm {3/16in]. Discontinuities 2 mm {1/16 in.] 1o less than 3 mm {18 in Jshalt not be
restricied in other locations unless they are separaled by less than 2 L (L being the length of the larger discontinuity}; in which case. the
discontinuities shall be measured as one length equal 1o the total length of the discontinuities and space and evaluaied as shown in
Figure 6.8.
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Figure 3

Weld Quality Requirements for Tension Joints
in Cyclically Loaded Structures

{This Annex is a part of AWS DL/DLIM2002, Strctnrad Welding Code—Steel, and includes miandatory reguirements
for ue with this standusd.)
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General Notes:

+ A—minimum dearance aflowed between edges of porasity or fusion-type discontinuities 1716 in. or larger. Larger of adjacent disconti-
nuities governs.

* Xy—largest aliowable porosity of fusion-type discontinuity for 374 in. joint thickness {see Figure 6.4).

* X, X;, Xg—porosity or fusion-type discontinuity 1716 in. or targer, but less than maximum allowable for 344 in. joint thickness.

= Xs. X¢—porosity of fusion-type discontinuity less than 1/16 in.

= Porosity or fusion-type discontinuity X, shall not be acceptable because it is within the minimum clearance allowed between edges of
such discontinuities (see 6.12.2.1 and Figure 6.4). Remainder of weld shall be acceptable.

= Discontinuity size indicated is assumed to be its greatest dimension.
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— MAYES

TESTING ENGINEERS, INC.
NONDESTRUCTIVE EXAMINATION REPORT
Project Name Date
Client Contractor Job Number
Type of Inspection NDE Procedure Revision No. Acceptance Standard
MTd PTO™ vid
Surface Condition Heat Treatment Type of Material Temp of Material
AsWelded [] Ground (] Machined[ ] Before [ ] After [ ]
MT Equipment Dry (J visible 11 Ac[] DC[] {Amperage Prod. Spacing = Particles - Cclor
Yoke Lift Wi
wet [ ] Fluorescent [} Rectified [} bs. | Head [J coit- (1
Type of Liguid Penetrant Materials Used Penetrant - Dwell Time min. {Development - Time _ min.
Water Washable [] visitle [J
Sclvert Removable [} Fluorescent d Dry D WetD Nonaqueous D
Drawing No. Typs of Work Number of tems Examined|No of ems Accepted
New L] Repair [ ] Rework ] No of ltems Rejected
Type of Defects Code
C - Cracks P - Porosity NF - Non-Fusion LI - Linear Indication S- Size LA - Lamination Cther - specify
Weld # or Part Acc | Rej |DefCode Remarks Weld # or Part Acc | Rej |DsfCode Ramarks
Notes:
Performed By: Levsl
Accepted By: Level
Signature
Enclosurs Added
Yes No [ of

917 - 134th St. S.W., Suite A-1 » Everett, WA 98204 » (425) 742-9360 « FAX (425) 745-1737




Michael J. Mayes, P.E.

Welding Consultant

Summary

Mr. Mayes has over 25 years of experience in materials
testing. Mayes is recognized as an expert in welding,
structural steel and nondestructive testing. He has been
involved with numerous complex buildings and bridges in
Washington, Oregon and Alaska. Mayes is active on several
AWS D1 Code committees including the D1 Main Committee,
Subcommittee 6 on Strengthening and Repair, Subcommittee
9 on Reinforcing Steel Welding and Subcommittee 12 on
Seismic Welding. He is also a consultant to the Washington
Education State DOT and Alaska DOT/PF for welding engineering and
materials testing.

M.S. Welding Engineering,
1986, Ohio State University, OH
Major Emphasis: Non-
destructive Evaluation (NDE), American Welding Society (AWS)
Fracture Mechanics, Metallurgy | American Society of Civil Engineers (ASCE)
- and Welding Design American Society of Nondestructive Testing (ASNT)
Northwest Council of Engineering Laboratories (NWCEL)
B.S. Civil Engineering, 1980, Vice President (1988, 1989), President (1990, 1991, 1993,
Michigan State University, Ml 1994, 1995)

Major Emphasis: Structures Washington Association of Building Officials (WABQ)

Professional Societies and Affiliations

and Material Science Welder Qualification Advisory Committee Member
Registrations/Certifications Publications
¢ Registered Professional Ten technical journal publications
Engineer, Civil: States of Module author for EPRI Level Il Ultrasonic Weld
Washington, Oregon, Examination course

Alaska, and California
e WABO Registered Special Experience

Inspector: Structural Steel July 1991 to Present, Mayes Testing Engineers, Inc.,
and Welding Everett, WA, President

e ASNT Level Il in RT, UT, Dec 1987 to 1990 - Senior Division Manager of PSI Western
MT, PT Washington, Professional Service industries, Pitisburgh

e AWS QC-1 Certified Testing Laboratory Division, Seattle, WA

Welding Inspector Aug 1986 to Nov 1987 - Senior Engineer, Bechtel National,
e Member AWS D1.1 Main Inc. Materials and Quality Services, San Francisco, CA

Committee Sept 1984 to June 1986 - Graduate Research Assistant,

. ) OSU Welding Engineering Department, NDE Group,
e Chair: AWS Subcommittee Columbus. OH

9 Reinforcing Steel
Aug 1980 to Sept 1984 - Branch Manager of Nondestructive

» Member: AWS Evaluation, Professional Service Industries, Michigan

Subcommittee 6 . Testing Engineers Division, Detroit, Ml
Strengthening and Repair

o Member: AWS
Subcommittee 12 Seismic
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Michael Virgilio

Structural Steel/NDE Manager

Education

Non Destructive Testing,
US Navy, San Diego, CA

Welding, Pipefitting and
Layout, HT A School,
Philadelphia, PA

Construction Management,
Edmonds Community College,
Edmonds, WA

Welding of Non-Ferrous
Metals, Everett Community
College, Everett, WA

Metallurgy for Non-Engineers,
American Society of Metals
Seminar

Registrations/Certifications

e WABO Certified Inspector
in: Reinforced Concrete,
Structural Steel/Welding,
Spray Applied Fireproofing

e [CC Certified Inspector in:
Reinforced Concrete,
Structural Steel/Welding,
Spray Applied Fireproofing,
Structural Masonry

e ACI Certified Level |
Concrete Field Inspector

e AWS Certified Welder

e ASNT Level Il Certified in:
UT, MT, PT

o FEMA 353 Certified
Ultrasonic Technician

Summary

Mr. Virgilio has 13 years of inspection experience. He is an AWS
Certified Weld Inspector and holds WABO and ICBO licenses for
Structural Steel. Mr. Virgilio is also ASNT Level li for Ultrasonic
Testing and Magnetic Particle Testing. He has extensive
experience working on complex steel systems and teaches in
house MTE Welding and Non Destructive Testing classes.

Experience

1996 to present - Senior Inspector, Mayes Testing Engineers, Inc.,
Everett, WA

1996 — Certified Weld Inspector, CMTS, Mukilteo, WA
1994 to 1996 — Certified Weld Inspector, Morse Construction
1994 — Certified Weld Inspector, T.1.C., Anacortes, WA

1991 to 1994 — Certified Weld Inspector and Lead Radiographer,
MMP Quality Inspections, Bellingham, WA

Recent Projects

Lincoln Square, Bellevue, WA

Snohomish County Campus, Everett, WA
Museum of Flight Addition, Seattle, WA
Immunex Headquarters, Seattle, WA
Seahawks Football Stadium, Seattle, WA
Boeing Everett Seismic Upgrade, Everett, WA
Pacific Place, Seattle, WA

Safeco Field Baseball Stadium, Seattle, WA
Boeing Renton Building 4-20 Asat Project, Renton, WA
Boeing Everett Office Build Out, Everett, WA

Boeing Everett Seismic Upgrade Building 40-56 & Bomark,
Everett, WA

Boeing Everett Overhead Crane Upgrade, Everett, WA
Port Townsend Water Storage Tank, Port Townsend, WA
Texaco Qil Refinery Shut Down, Anacortes, WA

Sumas Cogenerator, Sumas, WA

Nine Mile Natural Gas Pipeline, Anacortes, WA

Arco Refinery, Blaine, WA MAYES TESTING ENGINEERS
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Date Certified/
Recertified: September 3, 1997
‘ Recertified: March 27, 2001 :
TO WHOM IT MAY CONCERN: Recertified: March 26, 2004

SUBJECT: NDE Certification
REFERENCE: Mayes Testing Engineers, Inc.
Michael Virgilio has successfully completed all of the applicable requirements of the

referenced Standard, which is in accordance with the American Society for Nondestructive
Testing Recommended Practice No. SNT-TC-1A.

EXAMINATION RESULTS: Actual Grade Percentile Weighted Grade
GENERAL 83% 0.3 249
SPECIFIC 85% 0.2 17.0
PRACTICAL 96% 0.5 48.0
Composite weighted grade 89.9

I certify that the above statements are correct and recommend certification as a Level Ilin
the Magnetic Particle method.

RECOMMENDED

W
NDE Levely

This individual is certified in the NDE Method and Level indicated above in accordance with
the referenced Mayes Testing Engineers, Inc. Standard.

CERTIFIED BY

A oz
Mayes Te@g/Eﬁgineers, Inc.

Mike Mayes-NDE Certification

917 - 134th St. S.W., Suite A-1 « Everett, WA 98204 « (425) 742-9360 » FAX (425) 745-1737
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Mark Vassallo

Structural Steel/NDE Inspector

Education

College of Oceaneering, 1987,
Wilmington, CA

Florida Institute of Technology,
1986, Jenson Beach, FL

Lord Fairfax Community
College, 1985, Middietown, VA

Registrations/Certifications

WABO Certified Inspector
in: Structural Steel/Welding

e |CC Certified Inspector in:
Structural Steel/Welding

e ACI Certified Level |
Concrete Field Inspector

o AWS Certified Welder

e ASNT Level Il Certified in:
UT, MT, PT

e FEMA 353 Certified
Ultrasonic Technician

Summary

Mr. Vassallo has 17 years of inspection experience. He is an AWS
Certified Weld Inspector and holds WABO and ICBO licenses for
Structural Steel. Mr. Vassallo is also ASNT Level |l for Ultrasonic,
Radiographic Testing, Liquid Penetrant Testing, and Magnetic Particle
Testing. He has extensive experience working on complex steel
systems and has worked on hundreds of projects in the Puget Sound
area.

Experience

1998 to present - Special Inspector, Mayes Testing Engineers, Inc.,
Everett, WA

1994 to 1998 - Assistant Manager of NDE, Pacific Testing Laboratories
(Division of P.S.1), Seattle, WA

1994 - NDE Coordinator, Edge Testing and Inspections, Bellingham, WA

1987 to 1994 — NDE Inspector, Quality Inspections, Bellingham, WA

Recent Projects

Alderwood Mall Expansion, Lynnwood, WA

Boeing Everett 2004 Structural Upgrade, Everett, WA
Museum of Flight, Tukwila, WA

Seattle Center Opera House, Seattle, WA

Everett Special Events Center, Evereit, WA

Amgen Headquarters, Seattle, WA

Bellevue Mall Seismic Upgrade, Bellevue, WA

SeaTac Airport South Terminal Expansion Project, SeaTac, WA
Fred Hutchinson Cancer Treatment Center, Seattle, WA
1700 Seventh Avenue, Seattle, WA

Swedish Hospital First Hill Addition, Seattle, WA
Bellevue Square Corner Shops, Bellevue, WA
Northgate North Shopping Center, Northgate, WA
Seahawks Stadium, Seattle, WA

UW Bothell Cascadia College Colocation, Bothell, WA
13" and A Street, Tacoma, WA

Three Bellevue Center, Bellevue, WA

Safeco Field, Seattle, WA

MAYES TESTING ENGINEERS



EXHIBIT 1

Date Certified/
Recertified: 9-28-98
Recertified: 9-21-01 ..~ —

Recertified: 3-26-04.~ 3~ —
p=—a

TO WHOM IT MAY CONCERN:
SUBJECT: NDE Certification

REFERENCE: Boss & Mayes Testing Engineers, Inc.
Standard PQ-1 Rev._ 0

Mark Vasallo has successfully completed all of the applicable
requirements of the referenced Standard, which is in accordance with the

American Society for Nondestructive Testing Recommended Practice No.
SNT-TC-1a, 1988 Edition.

EXAMINATION RESULTS: Actual CGrade Percentile Weichtad Grade
GENERAL 98 0.3 29.4
SPECIFIC 90 0.2 18.0
PRACTICAL 93 0.5 46.5
composite weighted grade 93.9

I certify that the above statements are correct and recommend
certification as a Level _II in the _Magnetic Particle method.

RECOMMENDED

M
NDE Leyei 111

This individual is certified in the NDE Method and Level indicated above

in accordance with the referenced Boss & Mayes Testing Engineers, Inc.
Standard.

CERTIFIED BY

/%/%

Lages Testing Eng., Inc.

MAYES TESTING ENGINEERS
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414 Hewitt Road  Chehalis. WA 98532
dwight@weldlab.com
360-262-9844

~J. M. DWIGHT

Experience

1984-2005  Dwight Company Inc. Welding Lab Service Chehalis, WA

Owner/Manager

We provide quality assurance testing, welding engineering
and failure analysis.

1981-1984 Square Core Electrode Chehalis, WA

Manager, Production Department

e Developed over 1000 Flux Core wire formulations

e Performed as the factory technical expert for the US and Canada
o Implemented training for all new sales personnel

e Acted as the Corporation Quality Assurance Manager

1978-1981 Jorgensen Steel Inc. (Forge Div.) Seattle, WA

NDE Engineer and Manager of Quality Assurance

e Developed and maintained Non-destructive test procedures
e Developed and maintained welding procedures
e Supervised manufacture of quality or large marine shafts and valves

1976-1978 Naval Underwater Weapons Ctr. Keyport, WA

Supervisory Civilian Engineer ~ GS 12

e 1 was responsible for providing planning to support the Engineering
and shop detailed processes. This work involved a combination of
detailed technical support for each planner. procedure writing,
methods work and other detailed tasks as assigned. Work in this job
was very diverse and covered methods development on programs such
as: Torpedo Mk 48, Torpedo Mk 46. Torpedo Mk 37, Torpedo Mk 44,
Range Surface Recovery Equipment. SORD Components, Tracking
arrays, fire control computer systems, Mk 309. Numerous items under

Resume JM Dwight 2005



the FIR program. [ was assigned to provide assistance to the Program
Managers in answering questions regarding production factors
affecting price, delivery, equipment availability, and the effect of
production quantity on the final price. [ assisted on several major
special projects during this job assignment. Some of the projects were
as follows; Mk 48 weapon mounted dispenser proposal. Plating plant-
engineering procedures. Hands-on experience was gained in setting
up one of the first non-mainframe computer work- stations in Code 20.
This was an in-office dedicated computer typical of a small LANS
now used in the private sector.

1972-1976 Naval Underwater Weapons Ctr. Keyport, WA
Civilian Welding Engineer ~ GS 11

e Welding engineer on various Mk 46, Mk 48 Torpedo sub-assemblies
and support equipment. I also worked on various Target range
equipment and sub-assemblies. Approximately 50% of my time was
spent working in the production shops on engineering and related
production problems. 30% of my time was spent reviewing drawing
and making up-dates for manufacture or purchase. The balance was
spent on special projects both electrical and mechanical. The work
was very diverse and ranged from simple metallurgical problem
solving to more complex heat-treating / fabrication procedure
development. I was responsible for installation and setup of the
Electron Beam Welder at Keyport. This task involved considerable
hands-on effort. Numerous actual production jobs were transferred to
the Beam Welder after its installation. Routine work involved
developing welding procedures for Aluminum. Stainless and Alloy
Steels. Special projects involved such tasks as setup of capacitor
discharge welding procedures, heavy resistance brazing of stranded
leads using polyphase spot welders. Other general mechanical /
electrical engineering work involved; writing a detailed engineering,
purchasing and inspection document for O-Rings. Injection molding
process development and procedures for High Pressure fire control
cable manufacturing including electrical checkout equipment.

1971-1972  Puget Sound Naval Shipyard Bremerton, WA
Civilian Engineer ~ GS 11

e This engineering position was very diverse and involved a
combination of hands-on problem solving, project engineering and
assistance to other production codes. Typical projects were as follows;
Development of a resistance welding procedure program for sheet
steel, stainless and some thin aluminum. This work involved

Resume JM Dwight 2005



equipment calibration, parameter identification, testing and
documentation. Performed qualification testing on Automatic GMAW
overlay/buildup for aircraft carrier main propulsion shafting. This
work involved development of tooling and heat input requirements for
low frequency induction heating for removal of bearing support liners.
A procedure qualification was made on the then new Airco DC PA-3
pulse are power supply. This unit was then compared to two other
units under evaluation by the Welding Engineers of Code 135.

1968-1971 The Ohio State University Columbus, Ohio

Graduate Research Assistant

e This position involved a developmental and weldability study on three
HIGH STRENGTH LOW ALLOY QUENCHED & TEMPERED
STEELS. This work was performed on experimental steels supplied
by the Timken Roller Bearing Co. Steel Tube Division of Canton
Ohio. These Q & T STEELS were some of the early HY 100 and HY
150 formulations. These same alloys were used as the basis of my
Masters Degree. The steels investigated here are the same type
currently used by the US Navy for Submarine Pressure Hull
Fabrication. In addition to the weldability projects, I work on
fabrication design and testing of Ultrasonic test apparatus for scanning
bridge weldments. The duties required design, fabrication and tests of
these devices both in the lab and on various bridge sites in Ohio. My
duties also involved teaching the laboratory sections of various
undergraduate and industrial short courses.

1965-1967 Arizona Western College Yuma. AZ

Welding Instructor

e [ worked with the State of Arizona Technical Director to set up the
first WELDING TECHNICIAN PROGRAM in the state of Arizona.
This task was a typical start-up operation. Work accomplished over
the two years is summarized as follows;

1. Identification of equipment for purchase

2. Equipment installation

Welding technician course content development

[

4. Development of brochures to advertise the program

5. A series of plant visitations in the San Diego and Phoenix areas
to match training to employers needs
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6. Also taught one quarter of basic machine shop and one quarter
of engineering drawing.

1964-1966 Yuma Union High School Yuma, AZ

Machine Shop & Welding Instructor

e This was a standard High School Vocational Education program
consisting of the following;

1. 25 hours per week of machine Shop instruction broken down
into approximately 11 hours of general tool room machine tool
instruction

2. The remaining 14 hours were evenly divided between Welding,
Sheet Metal and Theory
3. 1 was the high school debate team coach and traveled with the
students throughout the state of Arizona in Competitions
1957-1960 United States Coast Guard Norfolk, VA

Damage Control 2" Class (Welder)

e Worked as a welder and damage control man aboard a Coast Guard
Weather Ship for 2 years. This vessel was on station in the North
Atlantic for 30 days at one time and saw all extremes of weather.

e Worked as a trainer (drill instructor) of new recruits for 2 years which
was the balance of my 4 year enlistment.

Education 1960-1964 University of Washington Seattle, WA
e BA in Industrial Technical Education
1968-1971 The Ohio State University Columbus, OH
e MS in Welding Engineering
Interests J. Dwight is active in the Seattle Chapter of the American Welding Society
and is past chairman of the Puget Sound Section of the American Welding
Society. He enjoys giving technical talks on material engineering problem

solving. J.M. Dwight is an active commercial pilot and flies his own Cessna-
182.

Resume JM Dwight 2005



